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Introduction
The wind industry is relatively new to the Australasian region, particularly compared with that in Europe, the UK and the USA. Partly as a result of this, there are no data published in the scientific literature on the impact of wind farms (WFs) on bats in this region. This taxon has been identified as being at risk of collisions with wind turbines, with bat fatalities being recorded in North America (e.g. Arnett et al. 2008) and Europe (Rydell et al. 2010b ). Studies to date have indicated that bat fatalities occur as a result of traumatic injury following collisions with moving turbines and possibly from barotrauma (Baerwald et al. 2008) , although the incidence of barotrauma has been recently queried, with collisions thought to be the primary cause of fatality (Grodskey et al. 2011; Rollins et al. 2012) .
Tree roosting or migratory bats have been found to be more prone to fatalities at WFs overseas than other groups (Cryan & Barclay 2009) . However, it is unknown if the same patterns occur in the Australasian region. Understanding which species are susceptible to wind turbine associated fatalities and from which sex and age class they belong is necessary (Kunz 2004) , and this, along with any existing population data, will inform debates around whether WFs are having a significant impact (i.e. resulting in a decline in the status of populations) on important (threatened or significant for another reason) bat populations. If significant impacts are found, greater focus can be turned to understanding why bat fatalities occur at WFs and to developing strategies to reduce these impacts. Furthermore, understanding the impacts in Monitoring of bird and bat collisions was conducted from the commencement of operation (2002 at Bluff Point WF and 2007 at Studland Bay WF) until September 2010, when the focus of monitoring changed to eagles at both sites (although bat fatalities were still documented). Bat carcasses collected during dead bird and bat surveys at the two WFs were assessed in this study and cover the period 2002Á2010. As these bats are those found, and it was impossible to determine the level of undetected bats due to a lack of randomness in the survey design, estimates of WF-wide bat mortality rates cannot be made, and the focus is only on an assessment of those found (note that Driessen et al. 2011 cite a WF-wide figure for bat fatalities at the Bluff Point WF, but as this figure did not take these factors into account, the figures do not represent WF-wide mortality rates).
The purpose of the current study was to identify the species of bat colliding with turbines and to determine if there were specific characteristics that may make them susceptible to fatality. Morphometrics and other information were also collected to better understand the specific characteristics of the bats and if particular cohorts or parts of the population were more vulnerable than others. An assessment 2 CL Hull and L Cawthen of any evidence of temporal (seasonal) and spatial (whether some circuits of turbines had higher counts of bat fatalities than others) patterns was also undertaken to attempt to shed light on the factors involved in bat collision risk.
Methods

Study sites
Both WFs are in north-west Tasmania, with the Bluff Point WF comprising 37 Vestas V66 turbines (33-m blades, 60-m tower). It is located on 1524 ha, on a flat-topped bluff with a steep coastal cliff to the west (coastal side) and moderately steep slopes to the east, north and south. Approximately 40% of the land is cleared for cattle grazing (with some fodder cropping), with the remainder being high quality remnant vegetation (including closed melaleuca forest and wet coastal shrubby Eucalypt forest). This vegetation has been fenced to exclude cattle.
The Studland Bay WF is approximately 3 km south of Bluff Point and comprises 25 Vestas V90 wind turbines (45-m blades, 80-m tower). It is located on 1410 ha, and is on less elevated terrain consisting of flat undulating land with isolated rocky outcrops and large consolidated dunes with some small ephemeral fresh water lagoons close to the coast (and to the north of the site). Approximately 60% of the land is cleared for cattle grazing (with some fodder cropping) and the remaining land (comprising coastal swamp forest, coastal heath and pockets of wet coastal shrubby Eucalypt forest) is fenced to exclude stock.
Carcass monitoring surveys
The strategy used in the carcass monitoring surveys was broadly consistent with that described in US Fish and Wildlife Service Guidelines (2012) and Rodrigues et al. (2008) . It was consistent in terms of early liaison with Regulators, the duration of surveys, surveys during relevant seasons, scavenger and detectability trials, survey interval, attempts to survey different parts of the WFs and assessment of migrants vs residents. Some of the requirements in the guidelines, including estimating WF-wide fatality rates, comparisons with other WFs (in Australia) and comparisons with estimated collision rates could not be achieved because of a lack of the necessary data or information.
Surveys for bats beneath the turbines were conducted throughout the year with survey frequency determined from a series of scavenger trials (Hydro Tasmania, unpubl. data) and regulatory requirements. The initial survey frequency was twice weekly in spring and autumn, and fortnightly outside these periods. However, from 2006, survey frequency was increased during seasons with what were thought to be heightened Tasmanian wedgetailed eagle (Aquila audax fleay) activity.
Following completion of stage 1 at the Bluff Point WF, all turbines were surveyed, but after stage 2, a sub-sample (27%) of turbines were surveyed during the formal surveys. A subsample (25%) of turbines was surveyed at the Studland Bay WF following its completion. In 2007 the survey regime was changed further, with all turbines surveyed at both sites. The formal surveys were complimented by ad hoc surveys, where all site personnel and visitors were required to report bat (or bird) injuries or carcasses found on site.
Observers searched beneath turbines in concentric circles on foot and using slowmoving 4WD motor bikes from the base of the turbine tower out to 100 m (consistent with Hull & Muir 2010) . The concentric circles were 2Á10 m apart, with the wider spacing used during eagle searches (as eagle carcasses were more conspicuous and readily detected; Hydro Tasmania, unpubl. data). Sub-sampled turbines were surrounded with predator-proof fences (chicken mesh, buried beneath the ground, with additional electrified wires at the top of the fence to prevent climbing by scavengers) to minimise removal by mammalian scavengers, and pasture was maintained at a low height to increase visibility.
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Morphometric and other measurements taken
The following measurements and investigations were made on the carcasses, wherever possible: Species*identified by head characteristics, and head, forearm and headÁbody measurements (based on Taylor et al. 1987 , Parnaby 1992 and Churchill 2009 ). Carcasses with missing heads or with broken forearms or skulls could not be identified to species. Carcasses with missing heads and intact forearms were classified to the nearest species matching that forearm length; Age*determined through examination of wing joints (based on Churchill 2009 and categorised as adult, sub-adult or juvenile); Sex (based on Churchill 2009); Reproductive state (adapted from Phillips & Inwards 1985 and Churchill 2009 . Females were categorised as: non-reproductive (nipples regressed or absent), pregnant (palatable foetus in abdomen), lactating (nipple enlarged, area surrounding the nipple hairless will milk production evident) and postlactating (nipples prominent, but fur regrowing and no milk production evident). Males were categorised as: non-reproductive (testis not enlarged), stage 1Á3 (testis enlarged, testis increasing in size from 1 to 4 mm: sperm production), stage 4 (peak testicular development, testis increasing in size from 4 to 7 mm, epididymis distended: sperm production and storage) and stage 5 (testis regressed with distended epididymis: sperm storage); Morphometrics: forearm, head, head to body length, tail length (based on Churchill 2009);
Presence of food in the gastrointestinal tract through dissection.
As some individuals were partially decomposed, not all the above measurements could be made. Only six of the samples were in a sufficiently fresh condition to determine if there was food in the gastrointestinal tract. Morphometrics were not taken on individuals that showed evidence of decomposition or damage to the relevant body part. Measurements were made with calipers and are reported to 0.1 mm. Mean9standard deviations are provided. Morphometrics between the sexes were compared using t-tests and a probability of 0.05 was used to indicate a significant effect.
Temporal and spatial analyses
The small sample sizes precluded some statistical analyses, but tests were conducted wherever possible.
To determine if there were patterns in the seasonal distribution of bat carcass finds, a Spearman's Rank Correlation Test (with correction for tied ranks) was used to test the null hypothesis that there was no difference in the distribution between months, sites, and whether the months males and females were found were similar (rejection of the null hypothesis therefore indicating a difference). Tests were conducted after scaling for survey effort.
A spatial analysis was undertaken to assess whether a higher number of bats were found at different parts on the WFs. Given the small sample sizes at each turbine, this comparison was made by comparing the number of bats found at turbine circuits. At the Bluff Point WF, A circuit has six turbines in open pasture, B circuit has seven turbines in cleared pasture, C circuit has six turbines adjacent to remnant vegetation, D circuit has 10 turbines adjacent to remnant vegetation and E circuit has eight turbines predominantly in cleared pasture. At 4 CL Hull and L Cawthen the Studland Bay WF, F circuit has 10 turbines predominantly in cleared pasture, G circuit has five turbines predominantly adjacent to remnant vegetation and H circuit has 10 turbines in a mixture of pasture and adjacent to vegetation. Survey effort was taken into account and x 2 tests for independence were used to test for patterns. A probability of 0.05 was used.
Results
Of the 54 bats analysed, 38 were Gould's wattled bats (Chalinolobus gouldii). Based on forearm length and head appearance (long vs short ears and muzzle ridge shape), 14 were determined to most likely be Gould's wattled bat, although 100% confirmation was not possible. Two of the samples were Vespadelus sp. (species could not be determined with confidence), but based on forearm length, one of these was most likely V. darlingtoni.
The vast majority (45) of bats were adults. One was a sub-adult and the age of eight individuals could not be ascertained.
There were 14 females and 19 males (indeterminable in 21) amongst the samples. Using the approaches of Clopper & Pearson, as described in Agresti (2002) , the proportion of females was 42.4%, and was not significantly different to a 50:50 ratio (P00.48; the 95% confidence levels were 25.5% and 60.8%).
There was a significant correlation between the months that males and females were found (R s 00.57, P00.09, n 010) at the 90% confidence level, but not at the 95% confidence level, suggesting weak evidence for a difference in the months males and females collided with turbines. Given the weakness in this effect, it was not examined further.
Reproductive state was determined in 23 individuals (indeterminable in 31), with 12 being classified as non-reproductive, four postlactating, four in reproductive stage 4 and three were in reproductive stage 5.
The morphometrics for each sex (sites combined) are provided in Table 1 , with only forearm significantly different between the sexes. There were insufficient samples from the Studland Bay WF to test for a difference between sites.
Both sites showed a strong seasonal pattern in bat detections, with the majority of finds occurring in March and April (therefore autumn, Fig. 2) . The months in which bats were detected were not correlated between the sites (R s 00.43, P 00.2, n 012), indicating a difference in months that mortalities occurred. However, given the small sample sizes at the Studland Bay WF, some caution is necessary, as there is a risk of a Type I error.
Five of the six bats that could be assessed had no food or remains in the gastrointestinal tract. One bat had a full stomach, comprising insect remains.
There was no significant difference in the number of bats detected in the turbine circuits at either site (Bluff Point WF x 2 03.22, DF04, P 0.5; Studland Bay x 2 04.14, DF02, P0.1).
Discussion
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Gould's wattled bat. They are a widespread species endemic to Australia and occur throughout Tasmania in a variety of habitats (Churchill 2009; Driessen et al. 2011; L Cawthen, unpubl. data) . The other species likely to be in the samples, but could not be definitively identified, the large forest bat (V. darlingtoni) is also widely distributed and occurs throughout Tasmania in a variety of habitats (Driessen et al. 2011; L Cawthen, unpubl. data) . Both species are considered dependent on trees as roost sites year-round (Koch et al. 2008; Lumsden et al. 2002) , but their patterns of roost site selection and behaviour in Tasmania are unknown. The bat surveys conducted for the Development Proposal and Environmental Management Plan for these two WFs (Hydro Tasmania 2000) using harp trapping and call identification, identified lesser long-eared bat (Nyctophilus geoffroyi) and Tasmanian longeared bat (Nyctophilus sherrini) at both sites, but not Gould's wattled bats or Vespadelus spp. The duration of surveys was limited (4 days), but they were conducted during the season bat fatalities have been recorded in the current study (mid-late autumn).
There are three possible explanations why the species detected in our study were not recorded during the pre-construction surveys: biological (activity of some species, such as Gould's wattled bats and large forest bats, might be affected by poor weather as they forage in open areas, and these surveys may have been in poor weather); technical [surveys were conducted at ground level and not at rotor height*previous studies overseas have found echolocation detectors need to be placed at least 52 m above the ground to adequately detect high flying bats in the region of the rotor Although there are no data published in the scientific literature on bat fatalities at large, modern wind turbines from Australia, Hall & Richards (1972) reported white-striped freetail bat (Tadarida australis) fatalities at small wind turbines, with 127-cm-long blades, mounted at 12 m above the ground, in NSW, as did Bennett (2012) at two large turbines, with 41-m-long blades and a hub height of 68 m, at the Hepburn WF in Victoria. Preconstruction surveys at the Hepburn WF identified Gould's wattled bats, Southern forest bat (Vespadelus regulus), the eastern broadnosed Bat (Scotorepens orion) and the whitestriped freetail bat on site (Richards 2011), but not Gould's wattled bats in carcass surveys. Given that the only report available at the time of writing (Bennett 2012) did not report on carcass surveys during the autumn period, they may appear in surveys during that season. Like Gould's wattled bats, white-striped freetail bats are high flying, open-air foragers (O'Neill & Taylor 1986; Rhodes & Richards 2008) .
Some studies in North America and parts of Europe have documented migratory bats as being most at risk of collision with wind turbines (Du¨rr & Bach 2004; Kunz 2004; Pasqualetti et al. 2004; Baerwald et al. 2009 ), but other studies from Europe did not find this pattern (Rydell et al. 2010b ). Rydell et al. (2010a,b) found that the bat genera at most risk of colliding with wind turbines in northwest Europe were Nyctalus, Pipistrellus and Vespertilio and to some extent also Eptesicus, all of which have long and narrow wings, forage in the open air and tend to be migratory. The North American bats most often killed at wind turbines are morphologically and ecologically similar to those in Europe, but belong to other genera (Lasiurus, Lasionycerteris and Perimyotis; Johnson et al. 2004; Kunz et al. 2007) , features that are consistent with our study.
Bat population sizes in Tasmania are poorly understood, so it is impossible to determine to what extent WF fatalities are impacting on local bat populations. Gould's wattled bats are widespread in Tasmania (Driessen et al. 2011; L Cawthen, unpubl. data) and mainland Australia (Churchill 2009 ) and are not currently listed as a threatened species in Tasmania or at the national level. A review by Lumsden & McKenzie (2008) considered the population large and stable. As we were unable to determine the WF-wide bat fatality rate, it is not possible to determine definitively the impact to local populations, but we assume that it is unlikely impacts to the species would be occurring. Given the current level of knowledge about bat moralities at WFs in this region and the recent findings of Voigt et al. (2012) that bats from far afield can collide with WFs in Europe, further studies are required to understand the source of the bats that collide at Australasian WFs and the effect on populations.
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The vast majority of bats in the current study were adults. Few studies in the USA reported the age of the bats that collided with wind turbines, often because decomposition or scavenging prevented this, but the few studies that did found mainly adults (Arnett et al. 2008) . This is consistent with our studies and those in north-western Europe (Rydell et al. 2010b) . The predominance of adults indicates a lack of support for the hypothesis that young bats may be at risk of collision due to unskilled flight or as a result of dispersal activity (Altringham 1996; Arnett et al. 2008; Baerwald et al. 2008; Cryan & Barclay 2009 ).
An even ratio of males and females was found at these sites. Studies in the USA (Arnett et al. 2008 ) and north-western Europe (Rydell et al. 2010a,b) found a predominance of adult males amongst bat fatalities at WFs. However, Rydell et al. (2010b) found that the composition of sex and age differed across north-west Europe, indicating site variability. As habitat use and behaviour can vary with the sex of the bat, although not in Gould's wattled bats (Lumsden et al. 2002) , it is plausible that sex biases in bat fatalities may occur at some sites in Australasia, particularly if they involve species other than Gould's wattled bats.
The morphometrics of these individuals, including sexual dimorphism, were within the same range as that documented from field and museum specimens from Tasmania ( Table 2 ), suggesting that the WF victims did not represent a morphologically distinct subset of the Tasmanian population. Of the morphometrics measured, only forearm had the potential to discriminate the sex of Gould's wattle bat.
There was a strong seasonal pattern (autumn) in bat fatalities at these sites. As surveys were conducted all year round and survey effort taken into account in the analysis, this represents a real pattern and not a sampling artefact. Autumn is predominantly the period of postreproduction, as females become pregnant in spring and give birth in late spring and throughout summer, while males begin producing sperm in December in preparation for mating in early autumn (Churchill 2009 ). Therefore, the timing of bat fatalities would not result in the direct loss of young.
This seasonality in fatalities is consistent with studies in both the USA (August and September, the northern hemisphere autumn, Kunz et al. 2007; Arnett et al. 2008 ) and northwestern Europe (Rydell et al. 2010b) , and is thought to be linked with the bat migratory period (some studies reported in Arnett et al. 2008) , dispersal (Rydell et al. 2010b) or flocking and mating behaviour (Cryan 2008) . As bats in Tasmania do not migrate, and no juveniles were recorded in the samples, flocking and mating behaviour or a change in foraging behaviour are more parsimonious explanations for this seasonal pattern. Bats may be attracted to the wind turbines as they would tall trees in the forest for attracting a mate (Cryan 2008) or as a potential roost site (Cryan & Barclay 2009) , placing them in the high risk zone. There have been no studies on roost site selection of Gould's wattled bats in Tasmania and no studies on this species mating behaviour to support this theory. However, a study from mainland Australia found that they roosted at the tops of tall trees (Lumsden et al. 2002) , which may add some support for the theory Table 2 The mean9standard deviation of morphometrics of Gould's wattled bats from throughout Tasmania obtained from field and museum specimens (L Cawthen, unpubl. data that bat mortality is, in part, a result of bats investing turbine towers as potential roost sites or gathering sites for mating. An interesting finding in the current study was the subtle difference in the months that collisions occurred at the two WFs. Although these sites are located in close proximity (approximately 3 km apart), there are some topographical and vegetation differences between them. These differences may result in a slightly different use of the sites by Gould's wattled bats, but further studies are required to confirm this. This result does caution against extrapolating findings from one site to another, even when they are geographically close.
No pattern was found in the location of the bat fatalities at circuits within these WFs, indicating no particular relationship with proximity to the coast, or vegetation (which may have roost sites). Topography and its effect on vegetation have been related to bat habitat choice in the previous studies (e.g. Sedgley & O'Donnell 1999; Lloyd et al. 2006 ), but not all . Given that Gould's wattled bats can travel up to 11 km from their roosts to forage (Lumsden et al. 2002) , it suggests the small-scale habitat variability on site may not be an important factor in influencing collision risk, or that the bats are not using particular routes through the WF (Piorkowski & O'Connell 2010) . However, the analysis that was possible on the data in our study was relatively coarse.
The limited evidence indicates that bats had not been recently feeding around the turbines when they died. Johnson (2004) found that collision victims did not involve foraging populations, but other authors have contended that bats might be foraging on insects attracted to the turbines (Kunz 2004; Rydell et al. 2010a,b) .
This study found that high-flying, open-air foraging bats are more at risk of fatality at wind turbines than other species. Males and females were impacted similarly, but there was a predominance of adults suggesting that the WFs were not resulting in mortality of dispersing juveniles and sub-adults. The seasonality in fatalities may be linked with specific behaviours at this time of year, perhaps mating. Further studies are required to determine if the patterns found at these sites are consistent with other sites and habitats in Australasia.
